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(57) ABSTRACT

A laminated glazing, containing an assembly containing at
least two transparent sheets of inorganic glass or of a strong
organic material, joined together by an interlayer of a ther-
moformable material or by a multilayer fo1l containing the
interlayer. The interlayer comprises an alkyl hydroxytereph-
thalate luminophore material and an antioxidant additive. The
laminated glazing 1s suitable for information display of the
automobile windshield or architectural glazing type.

14 Claims, 1 Drawing Sheet
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LAMINATED GLASS PANEL FOR HEAD-UP
DISPLAY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a 35 U.S.C. §371 national stage

patent application of International patent application PCT/
FR2011/052820, filed on Nov. 30, 2011, published as WO

2012/072950 on Jun. 7, 2012, the text of which is incorpo-
rated by reference, and claims the benefit of the filing date of
French application no. 1060081, filed on Dec. 3, 2010, the
text of which 1s also 1incorporated by reference.

The present mvention relates to the field of display systems
projected onto transparent screens, particularly automobile
windshields or architectural glazing.

Most particularly, the present invention, even if it 1s not
limited thereto, relates to the field of what are called “head-
up”” display systems, called HUD (Head-Up Display) systems
in the art. Such systems are ol use especially in aircrait
cockpits and 1n trains, but also nowadays in private motor
vehicles (cars, lorries, trucks, etc.).

In such systems, the glazing generally consists of a sand-
wich structure, comprising most simply two sheets of strong,
material, such as sheets of glass. The sheets of strong material
are joined together by a thermoformable interlayer fo1l usu-
ally comprising or consisting of polyvinyl butyral (PVB).

Such head-up display systems, which make 1t possible to
display information projected onto glazing and retlected back
to the driver or observer, are already known. These systems
make 1t possible in particular to mform the driver of the
vehicle without him looking away from the field of view
toward the front of the vehicle, thereby greatly increasing
satety. The driver percerves a virtual image which 1s located at
a certain distance behind the windshield.

Most conventionally, such an 1mage 1s obtained by project-
ing information onto a windshield having a laminated struc-
ture, 1.e. one formed from two glass sheets and a plastic
interlayer. However, the driver then sees a double 1mage,
namely a first image retlected by that surface of the wind-
shield facing the mterior of the passenger compartment and a
second 1mage by reflection off the external surface of the
windshield, these two i1mages being slightly offset with
respect to each other. This offset may cause the information
seen to be disturbed. To alleviate this problem, mention may
be made of the solution proposed 1n U.S. Pat. No. 5,013,134
which describes a head-up display system using a laminated
windshield formed from two glass sheets and a polyvinyl
butyral (PVB) interlayer, the two external surfaces of which
windshield are not parallel but wedge-shaped, so that the
image projected by a display source and retlected by that
surface of the windshield facing the passenger compartment
1s practically superimposed on the same 1image coming from
the same source reflected by that surface of the windshield
facing the outside. To eliminate ghosting, 1t 1s conventional to
produce wedge-shaped laminated glazing using an interlayer
sheet having a thickness that decreases from the top edge of
the glazing to the bottom edge. However, 1t 1s necessary for
the PVB profile to be very regular and not to have thickness
variations, as these are transmitted during assembly to the
windshield and lead to local angle variations.

Alternatively, 1t 1s proposed 1n U.S. Pat. No. 6,979,499 B2
to send an incident beam, of appropriate wavelength, onto
luminophores directly incorporated into the glazing, these
being capable of responding to the excitation by emitting light
radiation in the visible light range. In this way, a real image
and no longer a virtual 1image 1s formed directly on the wind-
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shield. This 1image 1s also visible by all the passengers of the
vehicle. In particular, U.S. Pat. No. 6,979,499 B2 describes

laminated glazing with an interlayer foil of the polyvinyl
butyral (PVB) type, the two external surfaces of which are
parallel and 1n which an additional layer of luminophores 1s
incorporated. The luminophores are chosen according to the
wavelength of the incident excitation radiation. This wave-
length may be 1n the ultraviolet range or the IR range. The
luminophores, under this incident radiation, reemait radiation

in the visible range. This process 1s then referred to as down-
conversion when the incident radiation 1s UV radiation and
up-conversion when the incident radiation 1s IR radiation.
Such a construction makes 1t possible, according to said docu-
ment, to reconstruct an 1mage ol any object directly on the
windshield or glazing. According to this disclosure, lumino-
phore materials are deposited over the entire main surface of
one of the sheets constituting the laminated glazing (PVB or
glass) in the form of a continuous layer comprising several
types of luminophores. The 1image sought 1s obtained by
selectively exciting a predetermined area of the luminophore
layer. The location of the image and 1ts shape are obtained by
means of an excitation source controlled and modulated by
external means.

However, the experiments carried out by the applicant have
shown that such HUD devices incorporating luminophores in
the assembled glazing are characterized by too low a lumi-
nance under a conventionally unfocused UV excitation
source. In addition, the concentration of the luminophores 1s
limited by the haze value of the windshield, which mustnotbe
too high so as not to disturb the driver’s vision.

In particular, 1t appears that the luminous intensity
obtained with such devices still remains very insuificient
when the external brightness 1s high, and 1n general 1n day-
time vision, since said luminous intensity does not exceed a
few tens of candelas. Typically, measurements on a conven-
tional HUD system, 1.e. operating according to the principles
of reflection, have shown that monochromatic radiation 1s
visible by an observer, for example 1n the viewing area of the
driver of a vehicle, 1f the luminance 1s of the order of several
hundred cd/m”, notably especially greater than 500 cd/m” or
even 1000 cd/m?, under normal external, daylight, illumina-
tion conditions of the windshield.

To obtain such a luminance, 1t 1s possible to use excitation
sources that generate concentrated and directed UV light
delivered by more specific sources of the laser diode type. The
term “‘concentrated” 1s understood in the context of the
present description to mean that the power per unit area on the
glazing of the beam output by the generating source 1s greater
than 120 mW/cm” and preferably between 200 mW/cm” and
20 000 mW/cm~, or even between 500 mW/cm~ and 10 000
mW/cm?. However, the use of such sources can be envisioned
only with power levels that remain limited, so as to avoid
beam hazard problems, especially on the outside of the
vehicle. In particular, by working with a wavelength of less
than 410 nm, 1t 1s possible to prevent most of the laser radia-
tion from passing to the outside, since at these wavelengths
PVB strongly absorbs the UV radiation.

Another crucial problem due to the use of concentrated
light sources of the laser type stems from the choice of lumi-
nophore used: this must have a high incident radiation con-
version efliciency but must not be degraded under the external
UV radiation, nor in particular under the incident concen-
trated UV radiation, especially of the laser type, so as to
ensure a suitable lifetime of the display function.

In such glazing for displaying information directly on 1ts
surface, the choice of luminophore thus appears to be crucial
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and 1s necessarily a compromise between various character-
1stics and properties associated with such a use, among which
are the following:
a high luminance provided by a good quantum vyield under
the incident UV excitation;
a transparency such that the haze does not exceed 2% and
the light transmission 1s greater than 70%;
chemical compatibility with the constituent thermoplastic

fo1l of the glazing;

a neutral color, especially when the luminophore 1s present
in high concentration 1n the glazing, for example as
measured by what 1s called the “Yellowness Index” test
according to the DIN 6167 standard;

maximum durability 1n ageing tests under incident solar
UV radiation, especially such as that measured by the
Arizona® test 1n this field; and

maximum durability 1n ageing tests under incident concen-
trated UV radiation, particularly laser radiation, such as
that especially measured by the time observed before the
initial luminance, measured in cd/m?, is reduced by one
half.

More precisely, the present invention relates to laminated
glazing for information display, of the automobile windshield
or architectural glazing type, comprising an assembly of at
least two transparent sheets of imnorganic glass or of a strong
organic matenal, joined together by an interlayer of a ther-
moformable material or by multilayer foils incorporating
such an interlayer, said glazing being characterized 1n that a
luminophore material of the hydroxyterephthalate type, com-
bined with an antioxidant additive, 1s itegrated into said
interlayer, allowing said display.

The term “hydroxyterephthalate” 1s understood to mean a

diester dertved from terephthalic acid, satistying the general
tormula: R—OOC-®(OH),—COOR or

O
R,

(OH),

)

4

O
ad
O
in which:

® denotes a benzene ring substituted with at least one
hydroxyl (OH) group;

R 1s a hydrocarbon chain comprising 1 to 10 carbon atoms,
preferably 1 to 5 carbon atoms, in particular 1 or 2
carbon atoms; and

X 1s equal to 1 or 2.

Preferably, the hydroxyl group 1s 1n the 2 position and/or
the 5 position on the aromatic ring. In particular, said lumi-
nophore may be a dialkyl-2,5-dihydroxyterephthalate
according to the developed formula:

O
HO\S/\)J\O!,R;
|
\OH

b
<
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Preferably, said luminophore 1s diethyl-2,5-dihydroxy-
terephthalate (HO),C.H,(CO,CH,CH,),, the emission
wavelength of which 1s close to 450 nm:

Typically 1n the glazing according to the mvention, the
terephthalate-type luminophore 1s solvated 1n said thermo-
plastic material.

It has surprisingly been discovered that 1t 1s not only the
choice of such a luminophore that leads to prolonged life-
times under concentrated excitation, such as laser-beam exci-
tation, or more broadly under conventional sunlight condi-
tions, this lifetime being further prolonged by the use of an
antioxidant agent preferably chosen from the following com-
pounds:

According to a first embodiment, the antioxidant additive
belongs to the phenylamine group.

In particular, according to this first embodiment, the anti-
oxidant additive belongs to the diphenylamine group. It1s for
example a diphenylamine such as that sold by Ciba under the
reference Irganox L57.

According to a second embodiment, the antioxidant addi-
tive comprises at least one benzene cycle comprising at least
two OH functions.

Such additives are especially, and advantageously, chosen
from the group formed by resorcinols, pyrocatechols, hydro-
quinones, pyrogallols, and phloroglucinols.

The term “resorcinols” 1s understood to mean organic com-
pounds comprising a benzene cycle substituted by 2 OH
functions 1n positions 1 and 3, the other positions possibly
optionally being substituted, or not, with other groups.

The term “pyrocatechols” 1s understood to mean organic
compounds comprising a benzene cycle substituted by 2 OH
functions in positions 1 and 2, the other positions possibly
optionally being substituted, or not, with other groups.

The term “hydroquinones™ 1s understood to mean organic
compounds comprising a benzene cycle substituted by 2 OH
functions 1n positions 1 and 4, the other positions possibly
optionally being substituted, or not, with other groups.

The term “pyrogallols™ 1s understood to mean organic
compounds comprising a benzene cycle substituted by 3 OH
functions 1n positions 1, 2 and 3, the other positions possibly
optionally being substituted, or not, with other groups.

The term “phloroglucinols™ 1s understood to mean organic
compounds comprising a benzene cycle substituted by 3 OH
functions 1n positions 1, 3 and 5, the other positions possibly
optionally being substituted, or not, with other groups.

For example, the thermoformable material constituting
said 1nterlayer 1s chosen from the group consisting of PVBs,
plasticized PVCs, polyurethane (PU) and ethylene-vinyl
acetates (EVAs).

Preferably, the thermoformable matenal 1s PVB.

According to one possible embodiment, the transparent
sheets are joined together by a multilayer fo1l incorporating a
PVB interlayer, for example a fo1l comprising a succession of
PVB/PET/PVB layers, in which PET is polyethylene tereph-
thalate.
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The invention also relates to a process for manufacturing
laminated glazing according to one of the above embodi-
ments, in which the thin film 1s deposited on the PVB-type
thermoplastic fo1l by a technique chosen from screenprinting,
techniques, 1nkjet printing techniques or printing techniques
of the offset, flexographic or photogravure type, in the form of
a solution of an alcohol with a PVB-type binder, and then the
glazing 1s laminated in an autoclave.

Finally, the mnvention relates to a device for displaying an
image on transparent glazing, comprising laminated glazing
according to one of the above embodiments and a source
generating concentrated UV radiation of the laser type, the
radiation of which 1s between 350 and 410 nm, the UV radia-
tion being directed onto the area or areas of the glazing
comprising the terephthalate-type luminophore and the anti-
oxidant additive.

In the display device, the source generating UV radiation
typically comprises at least one laser diode emitting UV
excitation radiation, the wavelength of which 1s less than 410
nm and preferably 1s between 350 and 405 nm.

For example, the power per unit area of the beam output by
the generating source is greater than 120 mW/cm? and pref-
erably between 200 mW/cm” and 20 000 mW/cm”>, or even
between 500 mW/cm” and 10 000 mW/cm”.

Preferably, the display device further comprises means for
modulating the power of the source generating UV radiation
so as to adapt the luminance to the external i1llumination
conditions of the glazing, for example depending on the 1nso-
lation conditions of the glazing.

For example, the modulation means may define atleast one
power level suitable for daytime use and at least one power
level, below the previous one, suitable for nighttime use.

The mvention and 1ts advantages will be better understood
on reading the following embodiment of the imnvention, 1n
conjunction with the single appended FIGUR.

The appended FIGURE serves to illustrate the imnvention
and the advantages thereof.

This FIGURE shows schematically a windshield and a
device according to the invention.

The windshield 1 1s made up of two sheets 2 and 9, typi-
cally glass sheets, but they could also consist of sheets of
strong plastic of the polycarbonate type. Present between the
two sheets 1s an interlayer fo1l 3 made of a plastic such as PVB
(polyvinyl butyral), plasticized PVC, PU or EVA, or else a
multilayer thermoplastic fo1l incorporating for example PET
(polyethylene terephthalate), the succession of layers in
which 1s for example PVB/PET/PVB.

Particles of an organic luminophore of the terephthalate
type and the antioxidant additive according to the mnvention
are deposited on at least a portion of the internal surface of the
thermoplastic interlayer fo1l 3 before lamination, that is to say
betore the various sheets are assembled.

The luminophore particles have a size distribution pre-
dominantly between 1 and 100 microns. The term “predomi-
nantly” 1s understood to mean that more than 90% of the
particles making up the commercial powder have a diameter
between 1 and 100 microns. Preferably, the terephthalate-
type luminophore particles/antioxidant additive are subjected
to a prior treatment facilitating their impregnation in the
thermoplastic PVB foil. More precisely, the particles are pre-
coated with a PVB-based binder.

A laser source 4 emitting excitation light radiation 1s used
to emit incident concentrated radiation 7 having a wavelength
close to 400 nm. The terephthalate-type luminophore 10,
solvated in molecular form in the interlayer thermoplastic foil
3, has a high absorption coelfficient for the incident radiation.
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It then reemits radiation in the visible range, 1.e. radiation
close to 450 nm, with an efliciency greater than 80%.

The visible radiation emitted by the luminophore 1s then
directly observable by the eye 5 of the driver, who thus sees
the object on the windshield without having to avert his eyes
from the road. In this way, an 1image may be directly formed
on a laminated windshield without it being necessary to adapt
the structure of the latter, for example the thickness of the
interlayer foil, thereby enabling HUD systems to be manu-
factured economically.

The source used to generate the concentrated radiation 1s
for example a UV source of the UV laser type. For example,
it 1s of the solid-state laser, semiconductor laser diode, gas
laser, dye laser or excimer laser type, but it 1s not limited
thereto. In general, any known source generating a concen-
trated and directed flux, within the meaning of the present
invention, of UV radiation may be used as excitation source
according to the invention.

According to one possible embodiment, a DLP projector
may be used to modulate the excitation wave according to the
embodiment described in paragraph [0021] of the patent
application US 2005/231652. According to the invention, 1t 1s
also possible to use as UV excitation source a device as
described 1n patent application US2004/0232826, especially
as described 1n connection with FIG. 3.

The luminophore (and the antioxidant additive) may be
deposited on the PVB foil by, for example, screenprinting
techniques, 1nkjet printing techniques or oifset, flexographic
or photogravure printing techniques.

According to another possible method, the luminophore
(and the antioxidant additive) may be deposited on the PVB
to1l by spraying. According to an exemplary implementation
of this technique, the initial solution 1s atomized 1n air, the
drop size being centered between 50 and a few hundred
microns. The pressure used 1s generally located between 3
and 6 bar. The liquid flow rate typically lies between 10 and
100 mL/min. The nozzle-sample distance i1s for example
between 5 and 30 cm.

Alternatively, the deposition by one of the above tech-
niques may be carried out by dissolving or dispersing the
luminophore particles 1n at least one matrix chosen for facili-
tating the incorporation and very rapid dissolution of the
luminophore and the additive 1n the thermoplastic foil, espe-
cially while passing through the autoclave used to assemble
the laminated glazing. Binders based on PVB, or on other
plastics of the PMMA type, have been shown to be particu-
larly effective for such a function.

It 1s apparent that the luminophores 10 of the terephthalate
family and the antioxidant additive can thus be incorporated
into the PVB plastic foil 1n a sufliciently intimate manner so
that their presence can no longer be detected by conventional
light microscopy techniques. Without this being able to be
interpreted as any theory, one possible explanation would be
that the terephthalate/antioxidant molecules are entirely sol-
vated 1n the PVB o1l after passage through the autoclave, that
1s to say they are finally 1n the form of individual molecules 1n
the plastic.

Certainly because of this phenomenon, the applicant has
found that, 1n the case of an application in which an 1mage 1s
displayed through transparent glazing, the use of terephtha-
late-type luminophores allows the following requirements,
necessary for such an application, to be effectively met:

a) an acceptable sharpness of the image;

b) a luminescence intensity suificient for 1t to be observable
by the driver;
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¢) a haze, caused by ailixing the film on the windshield,
measured according to the ANSI 726.1-1996 standard,
of less than 2% or even less than 1%: and

d) a light transmission greater than 70% and preferably

greater than 75%.

Furthermore, as illustrated by the examples below, the
terephthalate-type luminophores have shown durability prop-
erties under incident solar UV radiation and excitation UV
radiation, especially laser radiation, which are greatly supe-
rior to other organic or morganic luminophores.

The embodiment above does not of course have any limait-
ing eflfect on the present mvention in any of the aspects
described above.

EXAMPLES

The following examples serve to illustrate an exemplary
embodiment of a laminated windshield comprising the lumi-
nophore according to the invention and 1ts advantages:

Firstly, a laminated windshield, comprising the succession
of two glass sheets joined together by a PVB interlayer foil
760 microns 1n thickness, was synthesized. Assembly was
carried out according to the well-known techniques of the art.

Prior to lamination, a luminophore layer was deposited on
a square of glass measuring about 10x10 cm”. The lumino-
phore was chosen from various luminophore powders well
known for absorbing strongly 1n the UV range, as listed in
Table 1 below. The luminophore was incorporated into the
glazing by a conventional screenprinting technique. The
luminophore was deposited on that surface of the inner glass
sheet 2 facing the PVB {foi1l before the assembly step (see
FIGURE). Without departing {rom the scope of the invention,
the luminophore may also be deposited on the inner surface of
the PVB.

More specifically, the luminophore 1s diluted beforehand
in a PVB-type binder. The dilution 1s adjusted so as to obtain
in the end a luminophore concentration of 1% by weight of
pigment relative to the weight of binder. As a general rule, the
binder contains a diluent based on ethanol or on other sol-
vents, so as to optimize the viscosity for deposition by screen-
printing. The trials carried out by the applicant have shown
that 1t 1s possible to work with concentrations ranging from
0.1% to 10% by weight of pigment 1n a diluent, concentra-
tions of 0.5 to 5% giving moreover the best compromises
between the result of the haze obtained and the observed
luminance.

Mixture were then screen-printed using conventional tech-
niques on the glass sheet. The thickness of the mitial layer
deposited by screenprinting, incorporating the luminophore
in the PVB/ethanol mixture, was about 10 to 40 microns.

The solvent was then leit to evaporate before the two glass
sheets and the PV B {01l were laminated using autoclave tech-

niques conventional in this field. A windshield as 1llustrated in
the FIGURE was thus obtained.
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The parameters characterizing the application, such as
those described above, were measured on the various glazing

panes obtained, using the following protocols:

the haze was measured according to the automotive stan-

dard ANSI 726.1 (1996);

the heat resistance of the glazing was determined 1n accor-

dance with the test described in the European standard

ECE R43 A3/5;

the durability to incident UV solar radiation was measured

by the Arizona® test, consisting 1n exposing the glazing

to radiation emitted by a xenon arc lamp 1n order to
simulate solar radiation according to the ISO 4892 (part

2) standard at a temperature of 90° C. Such exposure

allows the luminophore to undergo accelerated ageing.

The measurement of the time needed for the 1mnitial lumi-

nance to be reduced by one half was used to estimate and

compare, directly and simply, the durability properties
of the various luminophores tested under solar radiation;

the coloration of the glazing was measured by the “Yellow-
ness Index” test according to the DIN 6167 standard
after 400 hours of exposure of the glazing to the above-
mentioned Arizona test; and

the durability to excitation UV laser radiation was mea-

sured by the following method:

a laser beam of 200 mW power intensity and 405 nm
wavelength was directed directly onto that portion of
the glazing comprising the luminophore layer, on an
area of about 2 mm~. A luminance meter was directed
at the light spot emitted and the luminance in cd/m’
was continuously measured.

Thus, the following were measured:

the 1initial monochromatic luminance of the emission radia-

tion, a monochromatic luminance of around several hun-
dred cd/m” being judged to be sufficient in order for the
spot to be perfectly visible by the driver looking at the
road under normal 1nsolation conditions, as described
above;

the maximum wavelength of the emitted radiation and the

color observed by the vehicle driver, for example; and

the time needed for the mitial luminance to be reduced by
one half, this value characterizing, according to the
invention, the durability of the luminophore under the
incident concentrated radiation.

Continuously 1lluminating a small fixed spot results 1n
rapid degradation of the luminophore and therefore a rapid
reduction 1n 1ts luminance. This severe method enables the
luminophore to undergo accelerated ageing, while maintain-
ing the wavelength of the final excitation beam, but 1t 1s very
far from normal operating conditions for which the lifetime of
the luminophore will obviously be much longer.

The objective of such accelerated ageing was thus to
achieve rapid discrimination of the luminophores in the
intended application.

All the observed results are given 1n Table 1.

TABLE 1

Lum 4:

diethyl-2,5-
Nature of the Lum 1 (red): Lum 2: Lum 3: dihydroxy-
luminophore BAM (inorganic)®  Eu(TPBDTFA);Phen**  pP-quinophthalone naphthalimide™®** terephthalate
Yellowing index — Yellowing No yellowing Yellowing No vellowing
(DIN 6167) after
400 h
Heat resistance - Out of spec. In spec. In spec. In spec.
(ECE R43 A3/5) (vellowing)
Haze (%) >3 0.80 0.47 0.70 0.79

(ANSI Z26.1 (1996))
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Lum 4:
diethyl-2,5-
Nature of the Lum 1 (red): Lum 2: Lum 3: dihydroxy-
luminophore BAM (inorganic)*  Eu(TPBDTFA);Phen**  p-quinophthalone naphthalimide®** terephthalate
Durability under UV~ — 15 hours 27 hours 1600 hours 1600 hours
radiation (Arizona)
Maximum emission 450 nm 620 nm 520 nm 430 nm 450 nm
wavelength (nm)
under laser
(405 nm; 200 mW)
beam
Perceived color Blue Red Green Blue-violet Blue
Initial luminance <30 Cd/m” >500 Cd/m” >500 Cd/m” ~1800 Cd/m” ~4700 Cd/m”
under laser
(405 nm; 200 mW)
beam
Durability under - 1.5 hours 15 minutes 21 hours 49 hours

laser (405 nm;
200 mW) excitation

*BAM: BaMgAl;oO#Eu’"

**Eu(ITPBDTEA);Phen: TPBDTFA = 1-(4'-(3-(4-tert-butylphenyl)-1,3.4-oxadiazol-2-yl)biphenyl-4-yl)-4.4.4-trifluorobutane-1,3-dione; phen =

phenanthroline)

**+%4 5-dimethyloxy-N-(2-ethylhexyl)naphthalimide.

The results given 1n Table 1 show that the mnorganic lumi-
nophore does not enable substrates sulliciently transparent
for the application to be obtained, the haze being greater than
5% for all the trials carried out, while the luminance 1s very
much lower than that observed in the case of the organic
luminophores.

Among the organic luminophores, it may be seen that the
luminophores conventionally known for their high lumines-
cence under UV excitation have extremely poor durabilities
under a concentrated excitation beam of the laser type or more
radically under conventional insolation conditions. The
hydroxyterephthalate-type luminophore according to the
invention has better durability properties, making 1t possible
to envision HUD-type applications under a concentrated,
especially laser, incident beam.

In a second step, various antioxidant additives were added
to the diethyl-2,5-dihydroxy-terephthalate luminophore
described above. These additives were chosen from the
polyphenol family (phenol, resorcinol, pyrocatechol, pyro-
gallol, or phloroglucinol derivatives) and from the pheny-
lamines (for example diphenylamine).

This time the luminophore was incorporated 1n the glazing
by a conventional spraying technique. The luminophore was
deposited, before the assembly step, on the surface of the
PVB foil located, on assembly, on the same side as the inner
glass sheet 2.

More precisely, 1 wt % of the luminophore was diluted
beforehand 1n a diluent based on tetrahydrofuran (THF) in
order to optimize viscosity for the spray deposition. A binder
such as PVB may also be added provided the necessary con-
dition of a sufficiently low viscosity for spray deposition 1s
still met. Tests carried out by the Applicant have demon-
strated that 1t 1s possible to employ pigment concentrations
ranging from 0.1 wt % to 10 wt % 1n a diluent, concentrations
of 0.5 to 5% moreover providing the best compromise
between the resulting haze obtained and the observed lumi-
nance. According to one embodiment, the antioxidant used

for the application 1s an octyl/butyl diphenylamine (Irganox
.57 sold by Ciba/BASF). The antioxidant concentration 1n
the solution to be deposited was about 1 wt %. According to
the invention, the ratio of the contents by weight of lumino-
phore to antioxidant may be between 5 to 1 and 1 to 5 parts.
More conventionally, a 1 to 1 weight ratio 1s used.
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The mixtures were then spray deposited, using a conven-
tional techmque, on the PVB sheet. The deposition was
adjusted so that the luminophore concentration 1n the final
product was about 0.5 wt %. Generally, the luminophore

concentration may, according to the invention, be between 0.5
and 15 g/m~ (0.07 wt % and 2 wt %) and preferably between

1 and 6 g/m” (0.1 wt % and 0.8 wt %). The antioxidant
concentration 1s between 0.01% and 1.5% and preferably
between 0.5% and 1%.

The solvent was then allowed to evaporate, since the two
glass sheets and the PVB fo1l were laminated using an oven-
based technique conventionally used in the field. Thus a
windshield, such as 1llustrated in the FIGURE, was obtained,
as Tor the preceding examples.

The parameters characterizing the application were mea-
sured on the various glazing panes obtained, using the proto-
cols described above:

the haze was measured according to the automotive stan-
dard ANSI 726.1 (1996);

the heat resistance of the glazing was determined 1n accor-
dance with the test described in the European standard

ECE R43 A3/5;

the durability to incident UV solar radiation was measured
by the Arizona® test;

the coloration of the glazing was measured by the “Yellow-
ness Index” test according to the DIN 6167 standard
after 400 hours of exposure of the glazing to the above-
mentioned Arizona test; and

the durability to excitation UV laser radiation was mea-
sured by the following method:

a laser beam of 100 mW power intensity and 405 nm
wavelength was directed directly onto that portion of
the glazing comprising the luminophore layer, on an
empty square about 5x5 mm~ in area. The distance
between the laser and the glass during this test was 38
cm. A luminance meter was directed at the light spot
emitted and the luminance in cd/m~ was continuously
measured. The results obtained are given in table 2:

TABL.

3.5 g/m?

2

(Ll

Luminophore 3.5 ¢/m?

concentration
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TABLE 2-continued

Antioxidant: 3.8 g/m”
Irganox L57
(octyl/butyl
diphenylamine)
Yellowness Index
(DIN 6167) after
400 h

Heat resistance
(ECE R43 A3/5)
Haze( ANSI Z226.1
(1996))

Durability to UV
radiation

(Arizona)

Peak emission A
under laser (405 nm,
100 mW)

excitation

Perceived color
Initial luminance
under laser (405 nm,
100 mW)

excitation
Durability under
laser (405 nm,

100 mW)

excitation

No vellowing No vellowing

Passed Passed

0.79% 0.80%

—16% after 3000 h —59% after 3000 h

450 nm 450 nm

Blue
~1000 ¢d/m?

Blue
~1000 ¢cd/m?

—509% after 1000 h -50% after 3000 h

Theresults given in table 2 show that 1t 1s possible to further
improve the durability of the hydroxyterephthalate lumino-
phore by using 1t in combination with an antioxidant additive,
in particular an additive that satisfies the formulation
described above.

The mvention claimed 1s:

1. A laminated glazing, comprising an assembly compris-
ing at least two transparent sheets of tnorganic glass or of an
organic material, joined together by an interlayer of a ther-
moformable material or by a multilayer fo1l comprising the
interlayer,

wherein the interlayer comprises an alkyl hydroxytereph-

thalate luminophore material and an antioxidant addi-
tive.

2. The laminated glazing of claim 1, wherein the alkyl
hydroxyterephthalate luminophore material 1s an alkyl

hydroxyterephthalate, R—OOC-®(OH) —COOR, of for-
mula:

R/ OY\/\”
(OH),

O

wherein ® denotes a benzene ring substituted with at least
one hydroxyl group,
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R 1s a hydrocarbon chain comprising 1 to 10 carbon atoms
and
x1s 1 or2.

3. The laminated glazing of claim 1, wherein the alkyl
hydroxyterephthalate luminophore material 1s dialkyl-2,5-
dihydroxyterephthalate of formula:

4. The laminated glazing of claim 1, wherein the alkyl
hydroxyterephthalate luminophore material 1s diethyl-2,5-
dihydroxyterephthalate.

5. The laminated glazing of claim 1, wherein the antioxi-
dant additive 1s a phenylamine.

6. The laminated glazing of claim 5, wherein the antioxi-
dant additive 1s a diphenylamine.

7. The laminated glazing of claim 1, wherein the antioxi-
dant additive comprises a benzene cycle comprising at least
two OH groups.

8. The laminated glazing of claim 7, wherein the antioxi-
dant 1s a resorcinol.

9. The laminated glazing of claim 7, wherein the antioxi-
dant additive 1s a pyrocatechol.

10. The laminated glazing of claim 7, wherein the antioxi-
dant additive 1s a hydroquinone.

11. The laminated glazing of claim 7, wherein the antioxi-
dant additive 1s a pyrogallol.

12. The laminated glazing of claim 7, wherein the antioxi-
dant additive 1s a phloroglucinol.

13. The laminated glazing of claim 1, wherein the thermo-
formable material of the interlayer 1s at least one selected
from the group consisting of a polyvinyl butyral, a plasticized
polyvinyl chloride, a polyurethane, and an ethylene-vinyl
acetate copolymer.

14. A device, comprising:

the laminated glazing of claim 1; and

a source generating concentrated UV laser radiation,
wherein the concentrated UV laser radiation 1s between

350 and 410 nm, and
wherein the concentrated UV laser radiation 1s directed
onto an area or areas of the laminated glazing.

¥ ¥ H ¥ H
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